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SUHVHQW WKHUH DUH D ORW RI UHVHDUFKHV RQ GLVWULFW EXLOGLQJ HQHUJ\ FRQVHUYDWLRQ DQG HQHUJ\ FRQVXPSWLRQ WHVW DW KRPH
DQG DEURDG˄,PDG  -LQJ  0  2[L]LGLV  3DQWHOLV  5XFKL  6KLLQJ  ;LQ ˅ 
3RZHU FRQVXPSWLRQ LV WKH PRVW FRPSOH[ LQ DOO NLQGV RI HQHUJ\ FRQVXPSWLRQ 6LQFH WKHUH DUH D ORW RI HOHFWULFDO
HTXLSPHQW LQ WKH ODUJH SXEOLF EXLOGLQJV SRZHU FRQVXPSWLRQ FRPSRQHQW KDV DQ LPSRUWDQW JXLGLQJ VLJQLILFDQFH WR WKH
FRQWURO RI WKH WRWDO HQHUJ\ FRQVXPSWLRQ 7KRXJK WKH WRWDO HQHUJ\ FRQVXPSWLRQ RI WKH EXLOGLQJ FDQ EH REWDLQHG IURP
WKH WRWDO PHWHU HOHFWULFLW\ FRQVXPSWLRQ RI GLIIHUHQW SXUSRVHV FDQQRW EH PHDVXUHG ZLWKRXW VXE PHWHU LQVWDOOHG ,W LV
YHU\ GLIILFXOW WR ILQG RXW WKH PDLQ SDUW RI KLJK HQHUJ\ FRQVXPSWLRQ ZLWKRXW WKH EXLOGLQJ HQHUJ\ FRQVXPSWLRQ
VWUXFWXUH DQG FRPSRQHQWV3DROD  <LOGL]  *UD\ ER[ PRGHO FDQ KHOS XV WR VROYH WKLV SUREOHP 7KH JUD\ ER[
LQGLFDWHV WKDW WKH V\VWHP LQIRUPDWLRQ LV LQFRPSOHWH RU XQFHUWDLQ DOVR NQRZQ DV SDUWLDOO\ REVHUYDEOH EODFN ER[
 %XLOGLQJ (QHUJ\ &RQVXPSWLRQ 6\VWHP
 3RZHU VXSSO\ V\VWHP
7KH EXLOGLQJ LV SURYLGHG ZLWK IRXU N9$ WUDQVIRUPHUV WZR N9$ WUDQVIRUPHUV DQG RQH N9$
WUDQVIRUPHU
 $LU FRQGLWLRQLQJ DQG YHQWLODWLRQ V\VWHP
7KH EXLOGLQJ DGRSWV WKH FHQWUDOL]HG DLU FRQGLWLRQLQJ V\VWHP 7KHUH DUH WKUHH FHQWULIXJDO FKLOOHUV ZKLFK FRROLQJ
FDSDFLW\ LV N:WZR RI ZKLFK DUH RSHUDWLQJ XQLW RQH LV VWDQGE\ XQLW ,QGRRU WHUPLQDO GHYLFH LV IDQ FRLO XQLW 7KHUH
DUH  IUHVK DLU XQLWV ZKLFK UHIULJHUDWLRQ FDSDFLW\ FKDQJHV EHWZHHQ N: $LU FRQGLWLRQLQJ ZDWHU V\VWHP LV D
YDULDEOH IORZ V\VWHP 7KHUH DUH  FRROLQJ WRZHUV  FRROLQJ ZDWHU FLUFXODWLRQ SXPS DQG  FRROLQJ ZDWHU FLUFXODWLQJ
SXPSV FRUUHVSRQGLQJ WR WKH ZDWHU FKLOOHU DOO RI ZKLFK RSHUDWLQJ DFFRUGLQJ WR PDUNHW LQGRRU WHPSHUDWXUH 7KHUH DUH
 D[LDO IORZ IDQV ZKLFK SRZHU LV N:  RI WKHP DUH XVHG IRU DLU UHWXUQLQJ DQG RWKHUV DUH H[KDXVWLQJ IDQV
 +HDWLQJ V\VWHP
7KHUH LV D 0: JDV VWHDP ERLOHU DQG D KHDW H[FKDQJH VWDWLRQ LQ WKLV PDOO +HDWLQJ ZDWHU DEVRUE KHDW IURP KLJK
WHPSHUDWXUH VWHDP WKURXJK WKH KHDW H[FKDQJHU LQ WKH KHDW H[FKDQJH VWDWLRQ ,QGRRU WHUPLQDO GHYLFH LV UDGLDWRU DQG
KRW DLU FXUWDLQ VHW DW WKH VWRUH HQWUDQFH
 /LJKWLQJ V\VWHP
7KHUH DUH  GLIIHUHQW NLQGV RI OLJKWV LQ WKLV PDOO DQG WKH WRWDO OLJKWLQJ SRZHU LV N: 7KH ODPSV PDLQO\
UHO\ RQ HPSOR\HH PDQXDO FRQWURO  ODPSV VKDUH D VZLWFK
 ,QGRRU HTXLSPHQW V\VWHP
7KHUH DUH  FRPSXWHUV  ID[ PDFKLQHV  SULQWHUV  FRSLHUV  VHWV RI SUHVVLQJ PDFKLQH  VHWV RI
GULQNLQJ PDFKLQH  /&' 79 QRW LQFOXGLQJ KRXVHKROG DSSOLDQFHV DUHD VDPSOHV LQ WKLV EXLOGLQJ %HVLGHV WKHUH DUH
VRPH HQWHUWDLQPHQW HTXLSPHQW EHDXW\ VDORQV SKRWRJUDSKLF HTXLSPHQW DQG D WKHDWHU ZKLFK SRZHU LV N: RQ
WKH IRXUWK IORRU 7KH ZKROH EXLOGLQJ HTXLSPHQW WRWDO SRZHU H[FOXVLYH RI WKH WKHDWHU LV DERXW N:
 ,QWHJUDWHG VHUYLFH V\VWHP
7KHUH DUH  HVFDODWRUV ZKLFK SRZHU LV N:  HVFDODWRUV ZKLFK SRZHU LV N: DQG  HVFDODWRUV ZKLFK SRZHU
LV N: LQ WKH EXLOGLQJ
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 6SHFLDO DUHD HQHUJ\ FRQVXPSWLRQ
7KHUH LV D ILUH FRQWURO FHQWHU RQ WKH ILUVW IORRU DQG WKH PDLQ HTXLSPHQW SRZHU LV DERXW : 'LQLQJ DUHD FRRNV
ZLWK QDWXUDO JDV DQG HOHFWULFLW\ RQ WKH IRXUWK IORRU DQG WKH WRWDO HOHFWULF SRZHU N: 7KH WRWDO SRZHU RI IRRG
SURFHVVLQJ HTXLSPHQW LQ VXSHUPDUNHW RQ WKH ILUVW IORRU LV DERXW N:
 *DV V\VWHP
7KH EXLOGLQJ DGRSWV QDWXUDO JDV ERLOHU DV KHDW VRXUFH DQG KHDWLQJ LQ ZLQWHU ZKLOH VRPH QDWXUDO JDV LV XVHG IRU
FRRNLQJ LQ GLQLQJ DUHD RQ WKH IRXUWK IORRU
 (QHUJ\ &RQVXPSWLRQ &DOFXODWLRQ %DVHG RQ *UD\ %R[ 0RGHO
,Q WKLV WHVW WKH EXLOGLQJ HQHUJ\ FRQVXPSWLRQ LV GLYLGHG LQWR KHDWLQJ V\VWHPV DLUFRQGLWLRQLQJ V\VWHP OLJKWLQJ
V\VWHP GLVWULEXWLRQ V\VWHP LQGRRU HTXLSPHQW V\VWHP ZDWHU VXSSO\ DQG GUDLQDJH V\VWHP JDV V\VWHP
FRPSUHKHQVLYH VHUYLFH V\VWHP DQG VSHFLDO HQHUJ\ FRQVXPSWLRQ HWF 6RPH RI WKHP FDQQRW EH PHDVXUHG GLUHFWO\ 6R
WRWDO HQHUJ\ FRQVXPSWLRQ FDQ EH UHJDUGHG DV D JUD\ ER[ V\VWHP )RU H[DPSOH KHDWLQJ HQHUJ\ FRQVXPSWLRQ FDQ EH
FDOFXODWHG DFFRUGLQJ WR WKH JDV FRQVXPSWLRQ RI WKH ERLOHU
+RZHYHU WRWDO JDV FRQVXPSWLRQ LQFOXGHV KHDWLQJ DQG FRRNLQJ DQG WKHUH LV RQO\ RQH JDV PHWHU LQ WKH V\VWHP 6R
WKHVH WZR NLQGV RI JDV FRQVXPSWLRQ FDQQRW EH GLVWLQJXLVKHG YHU\ ZHOO *UD\ ER[ PRGHO FDQ KHOS WR VROYH WKLV
SUREOHP *UH\ ER[ PRGHO UHIHUV WR WKH SUREOHP ZKRVH LQWHUQDO ODZV DUH QRW YHU\ FOHDU RU HVWDEOLVKPHQW DQG
LPSURYHPHQW RI PRGHO QHHGV D ORW RI ZRUN WR VROYH SUREOHPV
,Q WKH JDV FRQVXPSWLRQ V\VWHP JDV IRU FRRNLQJ DQG KHDWLQJ FDQQRW EH GLVWLQJXLVKHG YHU\ FOHDUO\ :H FDQ
LQYHVWLJDWH FRQVXPSWLRQ RI WKH WZR VXE V\VWHP UHVSHFWLYHO\ +HDWLQJ FRQVXPSWLRQ FDQ EH FDOFXODWHG E\ IORZ DQG
WHPSHUDWXUH GLIIHUHQFH RI VXSSO\ DQG UHWXUQ ZDWHU &RRNLQJ JDV FRQVXPSWLRQ FDQ EH HVWLPDWHG E\ FRRNLQJ
HTXLSPHQW DQG RSHUDWLQJ WLPH 6LQFH WKHVH IDFWRUV DUH YDULHG DOO WKH WLPH FDOFXODWLRQ UHVXOW FDQQRW EH YHU\ H[DFW ,Q
RUGHU WR YHULI\ WKH YDOLGLW\ RI WKH UHVXOWV WKHVH WZR NLQGV RI HQHUJ\ FRQVXPSWLRQ DUH DGGHG WRJHWKHU DQG FRPSDUHG
ZLWK WRWDO HQHUJ\ FRQVXPSWLRQ
(OHFWULFLW\ FRQVXPSWLRQ FDOFXODWLRQ LV LPSOHPHQWHG E\ WKH VDPH PHWKRG
 (QHUJ\ &RQVXPSWLRQ &DOFXODWLRQ 5HVXOWV
%XLOGLQJ DQQXDO HQHUJ\ FRQVXPSWLRQ DUH JDLQHG DFFRUGLQJ WR HQHUJ\ FRQVXPSWLRQ ELOO LQFOXGLQJ SRZHU






















)LJ  EXLOGLQJ SRZHU FRQVXPSWLRQRI HDFKPRQWK LQ RQH \HDU
50   Xiaoqing Li et al. /  Procedia Engineering  146 ( 2016 )  47 – 52 
$V VKRZQ LQ )LJ  VLQFH WKH EXLOGLQJ LV D ODUJH VKRSSLQJ PDOO WKH HOHFWULFLW\ IRU OLJKWLQJ DFFRXQWV LV D JUHDW
SURSRUWLRQ LQ WKH WRWDO HQHUJ\ FRQVXPSWLRQ 3RZHU FRQVXPSWLRQ SHDNHG LQ -XQH -XO\ $XJXVW EHFDXVH RI WKH KLJK DLU
FRQGLWLRQLQJ HQHUJ\ FRQVXPSWLRQ DQG UHODWLYHO\ VWDEOH WKURXJKRXW WKH RWKHU PRQWKV
$V FDQ EH VHHQ IURP )LJ  WKH ORZHVW SRLQW RI ZDWHU FRQVXPSWLRQ DSSHDUHG LQ $SULO 7KHUH DUH WZR PDLQ UHDVRQV
ILUVW $SULO LV WKH WUDQVLWLRQ SHULRG RI KHDWLQJ VHDVRQ DQG QRQKHDWLQJ VHDVRQ WKH LQGRRU WHPSHUDWXUH LV ORZ OHDG WR
WKH UHGXFLQJ RI WKH SHUVRQQHO GHPDQG IRU ZDWHU 6HFRQG $SULO LV VSHQGLQJ RIIVHDVRQ RI WKH PDOO WKH FXVWRPHU LV
UHODWLYHO\ OHVV 7KH ORZHVW ZDWHU FRQVXPSWLRQ YDOXH DSSHDUHG LQ $SULO ZKLOH WKH KLJKHVW ZDWHU FRQVXPSWLRQ YDOXH
DSSHDUHG LQ -XO\ DQG $XJXVW EHFDXVH WKHVH WZR PRQWKV DUH WKH KRW VXPPHU %HVLGHV )HEUXDU\ LV WKH 6SULQJ )HVWLYDO



















)LJ  EXLOGLQJ ZDWHU FRQVXPSWLRQ RIHDFK PRQWK LQ RQH \HDU
$V FDQ EH VHHQ IURP )LJ  WKH JDV FRQVXPSWLRQ LV KLJKHU LQ KHDWLQJ VHDVRQ DQG ORZHU LQ QRQKHDWLQJ VHDVRQ *DV
FRQVXPSWLRQ SHDNHG LQ -DQXDU\ ZKLFK LV WKH FROGHVW PRQWK LQ D \HDU $V RXWGRRU WHPSHUDWXUH LQFUHDVLQJ JDV
FRQVXPSWLRQ GHFUHDVHG VWHS E\ VWHS $SULO DQG 2FWREHU DUH KHDWLQJ WKH WUDQVLWLRQ VHDVRQV WKH JDV FRQVXPSWLRQ
UHGXFHG REYLRXVO\ 7KH QRQKHDWLQJ VHDVRQ JDV FRQVXPSWLRQ FRPHV IURP IRXU IORRU GLQLQJ DUHD DV FRRNLQJ JDV



















)LJ  EXLOGLQJ JDV FRQVXPSWLRQ RI HDFK PRQWK LQ RQH \HDU
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(QHUJ\ FRQVXPSWLRQ RI HDFK VXE V\VWHP LH DLU FRQGLWLRQLQJ KHDWLQJ OLJKWLQJ LQGRRU HTXLSPHQW DQG LQWHJUDWHG
VHUYLFH V\VWHP RI HQHUJ\ FRQVXPSWLRQ DQG WRWDO HQHUJ\ FRQVXPSWLRQ SHUFHQWDJH LV FDOFXODWHG E\ JUD\ ER[ PRGHO
DQG WKH UHVXOWV DUH VKRZQ LQ 7DEOH 











$LU FRQGLWLRQLQJ V\VWHP   
+HDWLQJ V\VWHP   
/LJKWLQJ V\VWHP   
,QGRRUHTXLSPHQW V\VWHP   
,QWHJUDWHG VHUYLFH V\VWHP   
6XP RI FRQYHQWLRQDO HQHUJ\
FRQVXPSWLRQ   
6SHFLDO HQHUJ\
FRQVXPSWLRQ
&RRNLQJ V\VWHP   
)LUH FRQWURO V\VWHP   
6XP RI VSHFLDO HQHUJ\
FRQVXPSWLRQ   
2WKHU QRQ VWDWLVWLFV HQHUJ\ FRQVXPSWLRQ   
7RWDO HQHUJ\ FRQVXPSWLRQ  


















)LJ  FRQVWUXFWLRQ RI DQQXDO EXLOGLQJ HQHUJ\ FRQVXPSWLRQ
'XH WR WKH VHYHUH FROG DUHD KHDWLQJ HQHUJ\ FRQVXPSWLRQ LV WKH PDLQ SURSRUWLRQ RI DOO WKH LWHPV $W WKH VDPH WLPH
EHFDXVH DLU FRQGLWLRQLQJ SHULRG LQ VXPPHU LV VKRUW WKH HQHUJ\ FRQVXPSWLRQ RI DLU FRQGLWLRQLQJ LQ DOO HQHUJ\
FRQVXPSWLRQ SURSRUWLRQ LV QRW SURPLQHQW RQO\ IRU  7KH EXLOGLQJ LV D VKRSSLQJ PDOO VR WKH LQGRRU OLJKWLQJ
WKH SURSRUWLRQ RI HQHUJ\ FRQVXPSWLRQ ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI RWKHU ODUJH SXEOLF EXLOGLQJV DQG RIILFH
EXLOGLQJV UHDFKHG WR ,Q DGGLWLRQ WKHUH LV D GLQLQJ DUHD RQ WKH IRXUWK IORRU ZLWK D ODUJH QXPEHU RI IUHH]HUV
DQG RWKHU FRRNLQJ HTXLSPHQW FRRNLQJ HQHUJ\ FRQVXPSWLRQ UHDFKHG  DV D KLJKHU SURSRUWLRQ RI VKRSSLQJ
PDOOV 7KHUH DUH  HOHYDWRUV ZKLFK HQHUJ\ FRQVXPSWLRQ DFFRXQWHG IRU  $FFRUGLQJ WR WKH SDUWLFXODULW\ RI PDOO
EXLOGLQJ VHUYLFH WKHUH DUH VRPH VSHFLDO HTXLSPHQW ZKLFK DFFRXQWHG IRU VXFK DV LURQLQJ PDFKLQHV 79
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FRPSXWHUV SULQWHUV ID[ PDFKLQHV URRP HTXLSPHQW 7KH ILUH FRQWURO URRP HQHUJ\ FRQVXPSWLRQ DFFRXQWHG IRU RQO\
 2WKHU QRQ VWDWLVWLFV HQHUJ\ FRQVXPSWLRQ DFFRXQWHG IRU 
 &RQFOXWLRQV
 $V D VKRSSLQJ PDOO OLJKWLQJ HQHUJ\ FRQVXPSWLRQ LV D ODUJHU SURSRUWLRQ LQ WKH WRWDO EXLOGLQJ HQHUJ\
FRQVXPSWLRQ
 %HFDXVH RI WKH VKRUW VXPPHU LQ VHYHUH FROG ]RQH WKH HQHUJ\ FRQVXPSWLRQ RI DLU FRQGLWLRQLQJ V\VWHP LV ORZHU
WKDQ WKH UHVW RI WKH SURSRUWLRQ RI EXLOGLQJ HQHUJ\ FRQVXPSWLRQ LQ JHQHUDO KRZHYHU WKH SHDN ORDG RI PRQWKO\
FRQVXPSWLRQ LV DOVR YHU\ KLJK
 'XH WR WKH VSHFLDO SURSHUWLHV RI FRPPHUFLDO EXLOGLQJV WKH KXPDQ KHDWLQJ ORDG DGGHG SDUW RI WKH ZLQWHU KHDWLQJ
ORDG VR WKH KHDWLQJ HQHUJ\ FRQVXPSWLRQ LV ORZHU WKDQ RWKHU EXLOGLQJV LQ WKH VDPH ]RQH
 7KH UHVXOWV VKRZ WKDW WKH LQVLGH EXLOGLQJ HQHUJ\ FRQVXPSWLRQ FRPSRVLWLRQ FDQ EH REWDLQHG HIIHFWLYHO\ WKURXJK
JUD\ ER[ PRGHO ZKLFK KDV JUHDW VLJQLILFDQFH RQ HYDOXDWLQJ EXLOGLQJ HQHUJ\ FRQVXPSWLRQ
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ .H\ 3URMHFW RI 1DWXUDO 6FLHQFH )RXQGDWLRQ RI +HLORQJMLDQJ 3URYLQFH 1R
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